Mexico has some of the highest incidence and prevalence rates of CKD in the world.[@bib1], [@bib2] Data from the Institute of Health Metrics and Evaluation indicate diabetes mellitus and arterial hypertension as the principal causes of CKD, which has led to a significant increase in deaths associated with kidney disease in Mexico.[@bib2], [@bib3], [@bib4] Estimations have signaled that a significant increase in the incidence and prevalence of stage 5 CKD (according to the Kidney Disease: Improving Global Outcomes \[KDIGO\] guidelines) is to be expected in the medium term,[@bib5] which will likely increase the inequality and extreme poverty that exist in the country.[@bib6] Studies published by the National Institute of Public Health of Mexico show how CKD has increased disability-adjusted life years from 300% to 400%. This finding places CKD as the second and fourth leading cause of years of healthy life lost for men and women, respectively.[@bib7]

As is the case in many countries, regular access to health care with ﬁnancial protection is offered only to salaried workers and their families through social security mechanisms. The wealthier, formal private sectors receive care from the Mexican Institute for Social Security, and federal public workers receive care from the Institute for Social Security and Services for Civil Servants. The non-salaried population (self-employed workers, the underemployed, the unemployed, those out of the labor market permanently or temporarily, along with their families) typically access health services either through the Ministry of Health on a public assistance basis or through Seguro Popular.[@bib8], [@bib9] However, patients assisted by either the Ministry of Health or Seguro Popular have free coverage for many diseases, except for CKD and renal replacement therapies (RRTs); thus, patients are required to pay for this type of treatment.

The General Hospital of Mexico Dr. Eduardo Liceaga is a public general hospital under the charge of the Ministry of Health. With \>100 years of service and a central location in the heart of the country, this hospital receives uninsured patients with CKD from across the nation, many of whom require renal replacement treatment.[@bib10], [@bib11], [@bib12] The objective of the present study was to analyze the sociodemographic, clinical, and laboratory characteristics that could influence the mortality of CKD patients without social health insurance who were admitted to our institution.

Methods {#sec1}
=======

Study Population {#sec1.1}
----------------

We included first-time patients admitted to the hospital with a diagnosis of KDIGO stage 5 CKD between August 1, 2012, and July 31, 2015. Our inclusion criteria were patients older than 18 years (because our hospital does not have pediatric nephrologists) with advanced CKD (stage 5 CKD based on the KDIGO guidelines) and who were not receiving RRT at the time of admission to the hospital. Patients with a diagnosis of acute kidney failure and patients with stage 3 or 4 CKD based on the KDIGO guidelines at the time of admission were excluded.

Study Variables {#sec1.2}
---------------

Selected patients were included in a prospective cohort study. Independent variables included age (in years), sex, etiology of CKD, comorbidities at admission to the hospital, time from diagnoses of kidney disease (in months), history of replacement therapy (if any), insurance status, schooling level, marital status, occupation, family income per month and registered by social work, economic provider for the household, and place of residence. Laboratory values at admission were also recorded, including hemoglobin (g/dl), serum sodium (mmol/l), potassium (mmol/l), bicarbonate (mmol/l), creatinine (mg/dl), and urea (mg/dl). The dependent variable at the end of the study was the clinical evaluation of the patient, which was dichotomized as living or deceased. All deaths that were recorded were confirmed through death certificates. A database was created and designed to follow patients and analyze the variables.

Patients entered the cohort at the moment of their first hospitalization and were followed up during outpatient visits. When patients failed to attend their follow-up visits, a team of 9 social workers made phone calls, and when required and possible, performed fieldwork by visiting patients' homes to inquire about the current status of the patients.

Types of RRT {#sec1.3}
------------

The following replacement therapies were performed and analyzed in this population: (i) patients in the chronic hemodialysis program (CHP) who underwent 2 to 3 hemodialysis sessions per week. CHPs were performed in our hospital or any other hemodialysis center; (ii) intermittent hemodialysis (IHD), which was a suboptimal treatment modality performed weekly, every 2 weeks, or even monthly, in our hospital or any hospital or at public or private institutions; (iii) continuous ambulatory peritoneal dialysis (CAPD), which traditionally consists of 4 dwells/day, with 2 to 3 l/dwell, with each remaining in the abdomen for 4 to 8 hours every day; the bags for dialysis replacement were obtained directly by the patient or by health insurance; (iv) intermittent peritoneal dialysis (IPD), which is a suboptimal treatment procedure performed in our hospital or any other public hospital. Usually, patients receiving IPD stay in-hospital for 3 days and are subjected to a 30 PD dwell using a dialysate of 1.5% glucose; subsequently, patients are discharged and readmitted every 15 or 30 days for subsequent IPD sessions; and (v) kidney transplantation, in which all cases analyzed were patients who initially underwent hemodialysis and subsequently underwent renal transplantation at our hospital during follow-up of the cohort, through a complex financing mechanism for surgery, and the coverage of induction and maintenance immunosuppression.[@bib11] [Figure 1](#fig1){ref-type="fig"} shows a flowchart of the sample according to type of RRT.Figure 1Trial profile showing a flowchart of patient numbers from initial screening to final analysis. The upper part shows the distribution of 850 patients who entered the cohort with the inclusion criteria. Ninety patients were excluded for multivariate analyses due to loss in follow-up (70 patients) or incomplete data (20 patients). The lower part presents the distribution of the 760 patients who completed the study until the end of the cohort (3 years). CAPD, continuous ambulatory peritoneal dialysis; CHP, chronic hemodialysis program; IHD, intermittent hemodialysis; IPD, intermittent peritoneal dialysis; RT, renal transplant.

Types of Social Health Insurance in Mexico {#sec1.4}
------------------------------------------

Patients were also registered according to their insurance status and whether they belonged to any of the social security insurance programs available in Mexico that provide full access to RRT or kidney transplantation.[@bib13] These programs include the Instituto Mexicano del Seguro Social, Instituto de Seguridad Social al Servicio de los Trabajadores del Estado, Petróleos Mexicanos, Secretaria de Marina, and the Secretaria de la Defensa Nacional. In addition, Mexico has a social security program called Seguro Popular (Popular Healthcare). This program is designed for patients without access to any of the previously mentioned social security programs and covers \>250 conditions. In contrast to the other programs, Seguro Popular does not provide access to renal replacement treatment or transplantation (currently, it covers only renal transplantation patients younger than 18 years of age), which means that these treatments must be paid for by the patient.[@bib14]

Sample Size {#sec1.5}
-----------

For the sample size calculation, we use the hazard ratio (HR) reported by Jurkovitz *et al.* for the risk of mortality according to presence of CKD and social security.[@bib15] The sample size was estimated using a z-test, for logistic regression and distribution of 1 tail, in the statistical package G\*Power V.3.1.9.2 (Dusseldorf, Germany). An HR of 1.82 (95% confidence intervals \[CI\]: 1.56−2.12; Cohen\'s 0.33) was considered for mortality in the group with CKD without social security versus an HR of 1.68 (95% CI: 1.39−2.04; Cohen\'s 0.28) for the group without CKD with social security. Considering an α error of 0.05, a power of 95%, a critical value of z of 1.64, plus 10% for losses during follow-up, we obtained a minimum sample size of 180 patients.

Statistical Analysis {#sec1.6}
--------------------

The results are expressed as the means ± SD or median (range) according to the distribution of variables. Comparisons between groups were performed by an analysis of variance or the Kruskal-Wallis test, also according to the distribution of variables. Initial survival analysis was performed using Kaplan-Meier curves, and a comparison between groups was performed with a log-rank test. Survival analysis for all patients was considered from the time they started replacement therapy until 3 years of follow-up. Cox's proportional model was used to evaluate risk factors for death. An additional survival analysis was performed using Cox's proportional model according to the subjects' health insurance. The model was adjusted for each specified RRT (CHP, IDH, CAPD, IPD and renal transplantation), age (for each year), sex (male), diabetes status (yes), heart disease (yes), cancer (yes), education level (\>6 years of schooling), income (\>\$300 per month), residence in a rural area (yes), access to health insurance programs, and laboratory results dichotomized by clinically significant cutpoints at hospital admission (serum potassium \>7 mmol/l; serum bicarbonate \<7 mmol/l; hemoglobin \<6 g/dl; and urea \>300 mg/dl). The starting point was considered the date of first hospital admission; patients were then followed until the last medical visit or death. All *P* values were 2-tailed, and we considered *P* \< 0.05 to be statistically significant. All analyses were carried out using the statistical package SPSS (version 22.0; IBM Corp., Armonk, NY).

Results {#sec2}
=======

CKD Predominated in Adults With Diabetes and Hypertension {#sec2.1}
---------------------------------------------------------

Baseline characteristics of the population are presented in [Table 1](#tbl1){ref-type="table"}. The average age was 44.8 ± 17.2 years. A total of 850 patients who fulfilled the inclusion criteria were admitted during the study period. There were 424 men (49.9%) and 426 women (50.1%), and the main cause of CKD was diabetes mellitus (34.2%). At the time of hospitalization, the most common documented comorbidities were hypertension (in 82.4% of the participants), lipid disorders (62.1%), and diabetes mellitus (34.2%). Fifty-eight (6.8%) patients had a history of undergoing some form of RRT before being admitted to the hospital; 41 patients underwent a variable number of hemodialysis sessions (4.8%), and 17 patients had received PD (2%). The causes or clinical indications for each of these events are unknown. In addition, history of RRT did not reveal statistically significant differences according to social security status; however, the comparison of sociodemographic and clinical characteristics at hospital admission between patients with and without social security revealed differences in age, comorbidities, and economic income ([Table 2](#tbl2){ref-type="table"}).Table 1Baseline characteristics of the study populationVariablesTotal (*N* = 850)CHP (*n* = 282)IDH (*n* = 250)CAPD (*n* = 146)IPD (*n* = 88)RT (*n* = 840)*P* valueAge, yr44.8 ± 17.245.7 ± 16.645.6 ± 17.945.3 ± 14.445.6 ± 17.937.6 ± 18.40.002[a](#tbl1fna){ref-type="table-fn"}Women426 (50.1)136 (48.2)129 (51.6)78 (53.4)39 (44.3)44 (52.4)0.625Etiology of ESRD Diabetes mellitus291 (34.2)116 (41.1)77 (30.8)57 (39.0)29 (33.0)12 (14.3)0.001[a](#tbl1fna){ref-type="table-fn"} Hypertension120 (14.1)24 (8.5)46 (18.4)11 (7.5)16 (18.2)23 (27.4)0.001[a](#tbl1fna){ref-type="table-fn"} Glomerulopathies179 (21.1)51 (18.1)45 (18.0)39 (26.7)21 (23.9)19 (26.4)0.086 APKD20 (2.4)15 (5.3)3 (1.2)1 (0.7)1 (1.1)0 (0)0.002[a](#tbl1fna){ref-type="table-fn"} Other34 (4.0)18 (6.4)6 (2.4)8 (5.5)2 (2.3)0 (0)0.028[a](#tbl1fna){ref-type="table-fn"} Unknown206 (24.2)58 (20.6)73 (29.2)30 (20.5)19 (21.6)26 (31.0)0.063Comorbidities Diabetes mellitus291 (34.2)116 (58.9)77 (30.8)57 (39.0)29 (33.0)12 (14.3)0.001[a](#tbl1fna){ref-type="table-fn"} Hypertension700 (82.4)216 (76.6)208 (83.2)127 (87)74 (84.1)75 (89.3)0.020[a](#tbl1fna){ref-type="table-fn"} Heart disease31 (3.6)9 (3.2)10 (4.0)5 (3.4)3 (3.4)4 (4.8)0.965 Lipid disorders528 (62.1)180 (63.8)149 (59.6)97 (66.4)57 (64.8)45 (53.6)0.283 Autoimmune diseases168 (19.8)49 (17.4)44 (17.6)35 (24)18 (22.8)20 (23.8)0.316 Liver disease16 (1.9)3 (1.1)6 (2.4)4 (2.7)2 (2.3)1 (1.2)0.770 Cancer34 (4.0)18 (6.4)6 (2.4)8 (5.5)1 (1.3)0 (0)0.028[a](#tbl1fna){ref-type="table-fn"}Time since diagnosis of CKD, mo2.4 ± 6.52.1 ± 5.72.7 ± 6.71.15 ± 4.43.75 ± 9.83.6 ± 7.50.010[a](#tbl1fna){ref-type="table-fn"}History of RRT Hemodialysis41 (4.8)15 (5.3)7 (2.8)13 (8.9)4 (4.5)2 (2.4)0.067 Peritoneal dialysis17 (2.0)4 (1.4)2 (0.8)3 (2.1)7 (8.0)1 (1.2)0.001[a](#tbl1fna){ref-type="table-fn"}Social security coverage105 (12.4)25 (8.9)25 (17.1)27 (10.8)9 (10.2)19 (22.6)0.004[a](#tbl1fna){ref-type="table-fn"}Education Illiterate74 (8.7)23 (8.2)6 (4.1)30 (12.0)11 (12.5)4 (4.8)0.031[a](#tbl1fna){ref-type="table-fn"} 1−6 yr356 (41.9)124 (44.0)62 (42.5)109 (43.6)38 (43.2)23 (27.4)0.086 7−9 yr286 (33.6)87 (30.9)54 (37.0)76 (30.4)28 (31.8)41 (48.8)0.020[a](#tbl1fna){ref-type="table-fn"} 9−12 yr104 (12.2)40 (14.2)20 (13.7)24 (9.6)7 (8.0)13 (15.5)0.265 \>12 yr29 (3.4)8 (2.8)4 (2.7)10 (4.0)4 (4.5)3 (3.6)0.896Marital status Single297 (34.9)83 (29.4)47 (32.2)104 (41.6)23 (26.1)40 (47.6)0.001[a](#tbl1fna){ref-type="table-fn"} Married435 (51.2)166 (58.9)73 (50.0)114 (45.6)49 (55.7)33 (39.3)0.004[a](#tbl1fna){ref-type="table-fn"} Widowed55 (6.5)8 (2.8)13 (8.9)17 (6.8)8 (9.1)9 (10.7)0.025[a](#tbl1fna){ref-type="table-fn"} Divorced63 (7.4)25 (8.9)13 (8.9)15 (6.0)8 (9.1)2 (2.4)0.238Occupation Unemployed390 (45.9)128 (45.4)74 (50.7)99 (39.6)45 (51.1)44 (52.4)0.101 Merchant49 (5.8)14 (5.0)10 (6.8)20 (8.0)2 (2.3)3 (3.6)0.226 Manual laborer32 (3.8)16 (5.7)3 (2.1)8 (3.2)2 (2.3)3 (3.6)0.311 Field worker55 (11.8)15 (9.6)7 (9.7)11 (7.3)16 (35.6)6 (14.6)0.001[a](#tbl1fna){ref-type="table-fn"} Student32 (3.9)12 (4.5)4 (2.8)16 (6.6)0 (0)3 (3.6)0.016[a](#tbl1fna){ref-type="table-fn"} Housewife275 (33.6)95 (35.7)45 (31.5)86 (35.5)22 (25.6)27 (33.3)0.448 Other17 (2.0)2 (0.7)3 (2.1)10 (4.0)1 (1.1)1 (1.2)0.087Monthly income \<\$100194 (22.8)70 (24.8)30 (20.5)54 (21.6)29 (33.0)11 (13.1)0.027[a](#tbl1fna){ref-type="table-fn"} Between \$100 and \$300582 (68.5)202 (71.6)101 (69.2)168 (67.2)52 (59.1)59 (70.2)0.265 \>\$30074 (8.7)10 (3.5)15 (10.3)28 (11.2)7 (8.0)14 (16.7)0.001[a](#tbl1fna){ref-type="table-fn"}Principal economic provider339 (39.9)120 (42.6)69 (47.3)98 (39.2)29 (33.0)23 (27.4)0.022[a](#tbl1fna){ref-type="table-fn"}Area of residence Urban areas687 (80.8)231 (81.9)120 (82.2)196 (78.4)66 (75)74 (88.1)0.190 Rural areas163 (19.2)51 (18.1)26 (17.8)54 (21.6)22 (25.0)10 (11.9)[^1][^2][^3]Table 2Baseline comparisons between patients with and without social securityVariableWithout social insurance (*n* = 745)With social insurance (*n* = 105)*P* valueAge, yr44.1 ± 16.949.0 ± 17.60.007[a](#tbl2fna){ref-type="table-fn"}Women397 (50.6)49 (46.7)0.451Etiology of ESRD Diabetes mellitus238 (31.9)49 (46.7)0.001[a](#tbl2fna){ref-type="table-fn"} Hypertension102 (13.7)18 (17.1)0.342 Glomerulopathies157 (21.1)22 (21)0.977 APKD16 (2.1)4 (3.8)0.293 Others34 (4.6)0 (0)0.025[a](#tbl2fna){ref-type="table-fn"} Unknown198 (26.6)8 (7.6)0.001[a](#tbl2fna){ref-type="table-fn"}Comorbidities (%) Diabetes mellitus238 (31.9)53 (50.5)0.001[a](#tbl2fna){ref-type="table-fn"} Hypertension622 (83.5)78 (74.3)0.021[a](#tbl2fna){ref-type="table-fn"} Heart disease22 (3)9 (8.6)0.001[a](#tbl2fna){ref-type="table-fn"} Lipid disorders449 (60.3)79 (75.2)0.003[a](#tbl2fna){ref-type="table-fn"} Autoimmune diseases147 (19.7)21 (20)0.949 Liver disease13 (1.7)3 (2.9)0.433 Cancer34 (4.6)0 (0)0.025[a](#tbl2fna){ref-type="table-fn"}Time since diagnosis of CKD, mo2.42 ± 6.62.56 ± 6.50.832History of RRT Hemodialysis37 (5)4 (3.8)0.605 Peritoneal dialysis15 (2)2 (1.9)0.941Monthly income \<\$100177 (23.8)17 (16.2)0.084 Between \$100 and \$300509 (68.3)73 (69.5)0.804 \> \$30059 (7.9)15 (14.3)0.030[a](#tbl2fna){ref-type="table-fn"}Laboratory values Hemoglobin, g/dl6.2 (3.2−9.9)6.0 (4.2−8.9)0.087 Serum urea, mg/dl306.5 (100−1,799)317.1 (157−744)0.534 Serum creatinine, mg/dl11.6 (1.8−40.1)12.1 (1.9−24.8)0.510 CKD-EPI, ml/min per 1.73 m^2^5.6 (0.9−12.7)6.0 (1.2−15.2)0.221 Serum potassium, mmol/l7.3 (5.6−14.1)7.2 (5.6−9.1)0.242 Serum bicarbonate, mmol/l7.45 (1.1−18.1)8.1 (2.6−16.1)0.051[^4][^5][^6]

Poor Patients and Those With Low Levels of Education Predominated the Cohort {#sec2.2}
----------------------------------------------------------------------------

[Figure 2](#fig2){ref-type="fig"} shows that the participants in the study were primarily from central and southern Mexican states. In terms of education level, 8.7% of the study population was illiterate, and only 3.4% had \>12 years of schooling; 51.2% of the participants were married, and 45.9% were unemployed. During interviews with social workers, 68.5% of the population declared their income as being between \$100 and \$300 per month, and 22.8% declared their income to be below \$100 per month. The principal economic provider of the family was the patient in 39.9% of cases. Regarding their living situation, 80.8% of the patients lived in urban areas with access to public services and utilities (potable water, electricity, and sewage system), whereas the rest (19.2%) lived in rural areas with limited access to communication networks and public services. Sociodemographic characteristics are shown in [Table 1](#tbl1){ref-type="table"}.Figure 2Map of Mexico. The principal Mexican states from which participants originated are shown on this map. The states in red, including the Distrito Federal and Estado de Mexico, had 65% of the patients who participated in the cohort. The states in blue, including Oaxaca, Michoacan, Puebla, Hidalgo, and Queretaro, were home to 20% of the participants. Veracruz, Guerrero, and Guanajuato, from which 12% of the population originated, are green, and Baja California, Tlaxcala, Morelos, San Luis Potosí, and Jalisco, from which 3% of the population originated, are yellow.

Inequalities in Access to RRTs in Mexico {#sec2.3}
----------------------------------------

The 850 studied patients were distributed into the following groups: 282 (33.2%) began treatment in CHP, 250 (29.4%) received IHD, 146 (17.2%) received CAPD, 88 (10.4%) underwent IPD, and 84 (9.8%) were admitted to a kidney transplantation program and managed to receive a graft after a variable period of time in RRT (range: 3−6 months). Among the patients, 32 (4.21%) died during their first hospitalization; those patients were in the IHD group. Upon hospital intake, 745 patients (87.6%) did not have any insurance plan that provided access to RRT. However, during follow-up, 16.4% of patients were enrolled in a social security institution throughout the study (140 patients), which added to the 12.4% (105 patients) who already had social security and resulted in 28.9% of patients (245 patients) who had complete access to social security programs that offered RRT. The remaining patients in the cohort were treated in health programs that required them to pay partially or completely for hemodialysis or PD, with prices depending on the type of institution, and for some patients, their economic ability to pay.

An analysis based on social security status revealed significant differences regarding RRT ([Table 3](#tbl3){ref-type="table"}). Patients with social security had a higher frequency of renal transplantations and admissions to CAPD programs. In contrast, patients without social security entered long-term hemodialysis programs and underwent intermittent therapies significantly more frequently.Table 3Renal replacement therapy according to final insurance statusType of substitution therapyWithout health insurance (*n* = 604)With health insurance (*n* = 245)*P* valueRenal transplant16 (2.6)68 (27.8)0.001[a](#tbl3fna){ref-type="table-fn"}Chronic hemodialysis program219 (36.3)62 (25.3)0.003[a](#tbl3fna){ref-type="table-fn"}Continuous ambulatory peritoneal dialysis58 (9.6)88 (35.9)0.001[a](#tbl3fna){ref-type="table-fn"}Intermittent hemodialysis238 (39.4)12 (4.9)0.001[a](#tbl3fna){ref-type="table-fn"}Intermittent peritoneal dialysis73 (12.1)15 (6.1)0.009[a](#tbl3fna){ref-type="table-fn"}[^7][^8]

Predominance of Patients With Extremely Advanced CKD and Late Commencement of RRT {#sec2.4}
---------------------------------------------------------------------------------

All patients in the cohort had indications for placement of temporal vascular access and the commencement of hemodialysis. [Figure 3](#fig3){ref-type="fig"}a to [3](#fig3){ref-type="fig"}f shows laboratory values obtained upon hospital admission. One hundred twenty-one patients (14.2%) were admitted with extreme levels of azotemia (levels of urea \>500 mg/dl). The median serum creatinine level was 11.7 mg/dl (range: 1.8−40.1 mg/dl), the median urea level was 307.8 mg/dl (range: 100−1799 mg/dl), and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) was 5.8 ml/min per 1.73 m^2^ (range: 0.9−15.2 ml/min per 1.73 m^2^). The median hemoglobin value was 6.2 g/dl (range: 3.2−9.9 g/dl), and 602 patients (70.8%) required blood transfusions during their hospital stay (range: 1−9 transfusions of erythrocyte concentrates). Upon admission, the median serum potassium level was 7.35 mmol/l (range: 5.6−14.1 mmol/l), and the serum bicarbonate level was 7.53 mmol/l (range: 1.1−18.1 mmol/l). On average, patients in this first hospitalization underwent 3 hemodialysis sessions (range: 2−10) during their hospital stay. From a clinical viewpoint, the principal indication for commencing RRT was a combination of a uremic syndrome associated with hyperkalemia, metabolic acidosis, and acute pulmonary edema (85.3%). A comparison of laboratory findings between patients with and without social security at the time of admission to the hospital did not show significant differences (see [Table 2](#tbl2){ref-type="table"}).Figure 3Laboratory results reported upon admittance to the hospital for patients with chronic kidney disease (CKD). The median level of serum creatinine was 11.7 mg/dl (range: 1.8−40.1 mg/dl) (a). The median level of serum urea was 307.8 mg/dl (range: 100--1799 mg/dl) (b). Median Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) was 5.8 ml/min per 1.73 m^2^ (range: 0.9--15.2 ml/min per 1.73 m^2^) (c). The median hemoglobin level was 6.2 g/dl (range: 3.2--9.9 g/dl) (d). The median serum potassium level was 7.35 mmol/l (range: 5.6--14.1 mmol/l) (e). The median bicarbonate level was 7.53 mmol/l (range: 1.1--18.1 mmol/l) (f).

Mortality in CKD Patients According to Treatment Modality {#sec2.5}
---------------------------------------------------------

For this analysis, only 760 patients were considered because 90 patients were excluded due to loss in follow-up (70 patients) or incomplete data (20 patients). The results of a survival analysis performed according to the type of RRT are shown in [Figure 4](#fig4){ref-type="fig"}. Global survival was 45.8% at the end of the follow-up (3 years). According to the type of RRT, mean survival was 100% for those who received a kidney transplant: 61.9% for patients on CHP; 72.5% for patients on CAPD; 8.2% for patients on IHD; and 11.4% for patients on IPD (*P* \< 0.001). Full financial coverage for medical treatment was observed in 81.9% of renal transplantation patients, 78.1% of patients on CHP, and 58.8% of patients on CAPD. In contrast, patients on IPD received coverage in only 10.2% of cases, and those who received IHD received coverage in only 10.8% of cases. There were no deaths in transplantation patients during the study period. However, the analysis of survival graft according to social security and donor type did not reveal differences (*P* = 0.774 and *P* = 0.106, respectively).Figure 4Kaplan-Meier analysis for patients with chronic kidney disease. The graphs show patients who underwent kidney transplantation (green line), patients who continued in the chronic hemodialysis program (CHP) (purple line), patients who migrated to continue ambulatory peritoneal dialysis (CAPD) (blue line), patients on intermittent hemodialysis (IHD) (red line), and patients on intermittent peritoneal dialysis (IPD) (orange line). The survival of the entire population (760 patients) was 45.8% in the final analysis. According to the type of replacement therapy, the average survival rates were 100%, 61.9%, 72.5%, 8.2%, and 11.4% for patients who underwent a kidney transplantation, CHP, CAPD, IHD, and IDP, respectively (*P* \< 0.001). RT, renal transplant.

Lack of Access to RRT in Health Coverage Is the Main Risk Factor for Mortality in Patients With CKD in Mexico {#sec2.6}
-------------------------------------------------------------------------------------------------------------

As presented in the previous section, we analyzed possible risk factors based on the complete information of 760 patients. Univariate analysis showed that age (RR: 1.15; 95% CI: 1.01−1.30; *P* = 0.001), a relatively low level of serum bicarbonate (RR: 1.33; 95% CI: 1.00−1.77; *P* = 0.029), IHD (RR: 6.29; 95% CI: 4.41−8.98; *P* = 0.001), IPD (RR: 3.18; 95% CI: 1.91−5.27; *P* = 0.001), and lack of access to health insurance programs (RR: 7.51; 95% CI: 5.12−11.0; *P* = 0.001) were associated with mortality in patients with CKD. Alternatively, patients with income levels above \$300 per month (RR: 0.79; 95% CI: 0.65−0.98; *P* = 0.030), relatively high levels of education (\>6 years of schooling) (RR: 0.82; 95% CI: 0.72−0.95; *P* = 0.005), and patients who underwent renal transplantation (RR: 0.39; 95% CI: 0.30−0.51; *P* = 0.001) had significantly lower risks of dying from CKD. Multivariate analysis showed that age, diabetes mellitus, cancer, renal transplantation, IHD, and IPD were independent factors that increased mortality, whereas not having access to health insurance was associated with an independent risk factor of death (RR: 2.64; 95% CI: 1.84−3.79; *P* = 0.001). [Table 4](#tbl4){ref-type="table"} summarizes the analysis of factors associated with mortality in CKD patients. Alternatively, [Figure 5](#fig5){ref-type="fig"} shows survival analysis using Cox's proportional model according to health insurance. We observed a mortality rate of 56.7% in patients without health insurance versus a mortality rate of 38.2% in patients with access to a social security program and access to RRT.Table 4Analysis of possible risk factors associated with mortalityRisk factorsUnivariate analysisMultivariate analysisRR95% CI*P* valueHR95% CI*P* valueAge (for each year)1.151.01−1.300.001[a](#tbl4fna){ref-type="table-fn"}1.011.00−1.020.001[a](#tbl4fna){ref-type="table-fn"}Male (yes)1.010.76−1.350.4770.980.85−1.120.798Education (\>6 yr of schooling)0.820.72−0.950.005[a](#tbl4fna){ref-type="table-fn"}0.870.60−1.140.106Income (\>\$300 per month)0.790.65−0.980.030[a](#tbl4fna){ref-type="table-fn"}0.700.48−1.020.708Residence in rural area (yes)1.060.79−1.520.4001.140.87−1.490.332Diabetes (yes)1.401.12−1.760.003[a](#tbl4fna){ref-type="table-fn"}1.291.09−1.500.012[a](#tbl4fna){ref-type="table-fn"}Heart disease (yes)1.280.80−2.060.1681.150.42−1.880.709Liver disease (yes)0.700.24−2.000.3470.730.19−1.280.186Cancer (yes)1.761.03−2.990.001[a](#tbl4fna){ref-type="table-fn"}1.361.16−1.570.011[a](#tbl4fna){ref-type="table-fn"}Hemoglobin (\<6 g/dl)0.930.81−1.070.1811.080.87−1.330.459Serum potassium (\>7 mEq/dl)0.960.72−1.280.4250.850.56−1.220.148Urea (\>300 mg/dl)1.080.81−1.440.3240.910.73−1.120.363Serum bicarbonate (\<7 mEq/dl)1.331.00−1.770.029[a](#tbl4fna){ref-type="table-fn"}1.260.84−1.870.252Renal transplant (yes)0.390.30−0.510.001[a](#tbl4fna){ref-type="table-fn"}0.500.29−0.880.016[a](#tbl4fna){ref-type="table-fn"}Chronic hemodialysis programme (yes)0.570.46−0.710.001[a](#tbl4fna){ref-type="table-fn"}1.020.62−1.680.926Continuous ambulatory peritoneal dialysis (yes)0.350.24−0.510.001[a](#tbl4fna){ref-type="table-fn"}0.910.53−1.550.735Intermittent hemodialysis (yes)6.294.41−8.980.001[a](#tbl4fna){ref-type="table-fn"}4.302.65−6.960.001[a](#tbl4fna){ref-type="table-fn"}Intermittent peritoneal dialysis (yes)3.181.91−5.270.001[a](#tbl4fna){ref-type="table-fn"}1.971.13−3.440.001[a](#tbl4fna){ref-type="table-fn"}Health insurance (No)7.515.12−11.00.001[a](#tbl4fna){ref-type="table-fn"}2.641.84−3.790.001[a](#tbl4fna){ref-type="table-fn"}[^9][^10]Figure 5Cox proportional model of patients with chronic kidney disease according to health insurance. The graph shows patients who were able to obtain coverage through a health insurance program (blue line) and patients without health insurance (red line). The mortality at the end of the study was 38.2% for patients with social security and 56.7% for patients without social security (*P* \< 0.001). The model was adjusted for each renal replacement therapy (chronic hemodialysis program, intermittent hemodialysis, continuous ambulatory peritoneal dialysis, intermittent peritoneal dialysis, and renal transplant), age (for each year), sex (male), diabetes status (yes), heart disease (yes), cancer (yes), education level (\>6 years of schooling), income (\>\$300 per month), residence in rural area (yes), access to health insurance programs, and laboratories dichotomized by clinically significant cutpoints at the moment of hospital admission (serum potassium \>7 mmol/l, serum bicarbonate \<7 mmol/l, hemoglobin \<6 g/dl, and urea \>300 mg/dl).

Discussion {#sec3}
==========

The results of the present study showed that, in addition to known variables, such as age, diabetes mellitus, and the presence of a malignancy, socioeconomic factors, as expected, had a profoundly negative effect on advanced CKD survival in our population. Our findings showed the diagnosis of advanced CKD in adult patients in the fourth decade of life, and also identified diabetes and hypertension as the main causes of CKD. Although most new cases of type 2 diabetes mellitus occurred in older adults, the greatest relative increase in type 2 diabetes mellitus was observed in patients in their second decade of life.[@bib16] Increasing numbers of youth-onset type 2 diabetes mellitus will also influence the incidence of diabetic kidney disease, because CKD may be more prevalent or develop more rapidly in those who develop type 2 diabetes mellitus during early adulthood or adolescence.[@bib17], [@bib18]

Demographic characteristics showed a population with low economic and educational levels. Other studies showed the impact of social disadvantage in moderate to severe CKD, with higher rates of cardiovascular events and mortality.[@bib19] In Mexico, the prevalence of obesity among children and adolescents increased significantly. During the last 2.5 decades, obesity shifted toward groups in lower socioeconomic levels, which showed the impact of obesity on the development of diabetes and subsequent CKD.[@bib20] A message of World Kidney Day 2015 revealed the increased burden of CKD in disadvantaged populations with low socioeconomic status and poor access to care, which contributed to health care disparities and exacerbated the negative effects of genetic or biological predisposition.[@bib21]

We also found inequities in access to RRT in our country. Since 2005, reports revealed differences in access to RRT in Jalisco, a western state of Mexico.[@bib22] In Mexico, many patients did not receive RRT despite presenting with CKD.[@bib23] Examining commonalities across pathways to adequate health care revealed major failings in the Mexican system.[@bib24] Patients with CKD without financial coverage must face the high costs of replacement therapy. Therefore, most of these patients received suboptimal forms of RRT through intermittent sessions that were linked to their ability to pay and that were often triggered by extreme symptoms as "survival procedures." These systemic problems served to reproduce and deepen health inequalities. In our health system, the costs of RRT are borne by the patients themselves, who are usually from low socio-economic strata.[@bib24] Recognizing the preceding factors will be important in the planning of a new national renal health policy. Likewise, our results revealed a predominance of patients with advanced CKD and late commencement of RRT that allowed us to theorize late referrals to nephrologists. Early referral to nephrologists is a key point for preventing the progression to end-stage kidney disease. Studies showed reduced mortality for patients with CKD who were referred early to nephrologists.[@bib25] Our results revealed late referral of patients with CKD to nephrologists. This trend could be caused by the fact that most patients entered the hospital in critical condition. Due to late referral, it was difficult to channel patients with CKD to kidney transplantation programs, fistula first programs, or CAPD training. Establishing an adequate network of early referral of patients with CKD in Mexico could help to reduce the incidence and prevalence of CKD in addition to the potential costs that RRT would entail. Our hospital is a referral center for CKD patients, as evidenced by the fact that the majority of the patients who participated in the cohort came from states outside of Mexico City. However, once a patient is stabilized as an inpatient in the hospital, they are given instructions to return to their place of residence to seek a hospital or medical institution that might provide adequate access to some type of long-term RRT. Because many of these individuals are uninsured, and there is no universal coverage for ESRD treatment, many patients returned intermittently to our hospital because private replacement treatment was unaffordable in their place of residence. When they returned, we again offered transient relief in many instances, providing a few hemodialysis sessions; ultimately, however, most of these patients died in their place of residence, without appropriate medical care. A large number of our patients had social security insurance; however, they did not receive initial RRT through their programs because many social security programs in Mexico have protocols according to which patients with CKD must first undergo PD. For this reason, patients who did not accept PD as a first-choice RRT came to our hospital seeking a second opinion or to begin hemodialysis sessions.

In contrast, most of the patients did not have social security that guaranteed adequate coverage of substitution therapy (87.6%). However, patients who underwent IHD and IPD (39.7%) frequently abandoned dialysis because of economic limitations to pay for hemodialysis sessions. Regarding kidney transplantations, graft survival did not show differences according to social security. This result was observed possibly because in our hospital, transplant patients without social security receive support from foundations or nongovernmental programs, and a high percentage of the expenses associated with the transplantation are absorbed by the hospital itself.[@bib11]

In 2007, García-García *et al.* published an article that presented data on poor patients with CKD in Guadalajara, located in the state of Jalisco in western Mexico.[@bib13] In the article, the authors documented late referrals to nephrologists and a high mortality rate in poor patients with CKD, a situation highlighted as a pressing issue. Nearly 10 years later, the incidence and prevalence of CKD in our country has unfortunately increased dramatically, and mortality rates continue to climb.[@bib7]

For countries such as Mexico, with significant heterogeneity in terms of human development (education, health, and other services), there is an urgent need to formulate and implement programs and strategies that are tailored according to regional needs but that also provide a comprehensive approach to kidney disease.[@bib26] Recently, the International Society of Nephrology called for all members of the World Health Organization to recognize CKD as a nontransmissible disease that requires public health policies for its opportune detection and treatment.[@bib27]

In 2003, the Mexican government implemented a pilot program called Salud para Todos ("Health for All"). This program expanded to become the Social Health Protection System (commonly referred to as Seguro Popular or Popular Health Insurance).[@bib27] Within the Seguro Popular program, there is a subprogram called the Fund for Protection against Catastrophic Costs (FPGC in Spanish), which offers complete coverage for high-cost, high-specialty diseases (e.g., cervical cancer, breast cancer, and malignant hematological diseases in children). The purpose of this fund is to provide medical coverage for the included diseases and to avoid economic expenditures by patients and their families that could put their economy at risk. The general objective of Seguro Popular is to achieve universal health coverage in Mexico.[@bib8], [@bib28], [@bib29], [@bib30], [@bib31], [@bib32]

Although there have been significant efforts within the past 2 decades to increase the coverage of patients with ESRD within the social security program in Mexico and a permanent increase in patients on dialysis (from approximately 130 patients per 1 million inhabitants in 1993 to approximately 850 patients per 1 million at present), this benefit has not been extended to all Mexicans within the expanded health programs that have been created as part of the Seguro Popular. Unfortunately, Seguro Popular still does not provide coverage to patients with CKD. We therefore believe that the careful formulation and establishment of a National Program for Kidney Health are currently required. This program should be centred on 4 essential axes:•Establishment of early detection as well as primary and secondary prevention programs for CKD. The main causes of CKD in our country are diabetes mellitus, primary systemic hypertension, and obesity.[@bib33], [@bib34] The Ministry of Health has already promoted a national policy for a healthier diet, including a reduced intake of dietary salt, refined sugars, carbohydrates and fats, and has also established health promotion and care programs, such as the National Strategy for the Prevention and Control of Overweight, Obesity, and Diabetes.[@bib35] However, these programs and initiatives, as they are, have proven to be insufficient to control and prevent the incidence of CKD.[@bib36]•Improve the education of specialists in nephrology, as well as technicians and nurses with appropriate training in the field. With approximately 1000 certified nephrologists, Mexico has a ratio of 9 nephrologists per 1 million inhabitants.[@bib37] This figure is clearly insufficient, considering an incidence of 466.5 and a prevalence of \>1400 per 1 million inhabitants.[@bib1]•Creation of an appropriate infrastructure, both physical and human, to guarantee stepwise universal coverage of CKD and all renal replacement treatment modalities to all patients through Seguro Popular.•Creation of a national registry of patients who need renal replacement treatment (dialysis). This registry would allow us to better understand the growth of this condition and to provide better treatment options to those requiring renal replacement treatments.

In 2013, the Health Commission of the Mexican Congress began analyzing a proposal that would incorporate CKD (both end-stage and non−end-stage) into Seguro Popular. For this consideration, the commission recommended assigning sufficient resources in the Federal Expenditures Budget of 2014 to the coverage of CKD.[@bib38] Unfortunately, at present, uninsured patients or patients under Seguro Popular with CKD remain without access to renal replacement treatment. Data recently published by Obrador *et al.* showed that Mexico's 6.3% of health expenditures, as a proportion of gross domestic product, was significantly lower than what other Latin American countries invest in health care. Our present perceptual health expenditure may be insufficient to guarantee the resources that the nation needs to develop a national kidney health program and other required health programs.[@bib39] Finally, because a large number of patients did not have a clear etiology of ESRD, we can hypothesize the possibility of facing different pathologies, among them, Mesoamerican nephropathy. Nevertheless, our study design did not allow for such a conclusion.

Our results showed a complicated situation to access RRT that patients with CKD have in our country. However, these results had some limitations that should be considered; for example, usually our hospital receives patients with low economic resources. It is recognized that economic status is typically related to prognosis in patients with CKD. In conclusion, our results revealed that there are inequalities in access to RRT in Mexico. These inequalities lead to higher mortality in patients who do not have health insurance. For this reason a program with full coverage for renal replacement treatment, including kidney transplantation, would be highly desirable and could serve as a goal to achieve a better and more egalitarian health system. A program of this nature cannot be created from a simple decree and would require the careful development of a national program, which would need to be constructed progressively in all areas.
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[^1]: APKD, adult polycystic kidney disease; CAPD, continuous ambulatory peritoneal dialysis; CHP, chronic hemodialysis program; CKD, chronic kidney disease; ESRD, end-stage kidney disease; IHD, intermittent hemodialysis; IPD, intermittent peritoneal dialysis; RRT, renal replacement therapy RT, renal transplant.

[^2]: Data are n (%) or mean ± SD.

[^3]: *P* \< 0.05 indicates statistical significance.

[^4]: APKD, adult polycystic kidney disease; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; ESRD, end-stage kidney disease; RRT, renal replacement therapy RT, renal transplant.

[^5]: Data are n (%), mean ± SD, or median (range).

[^6]: *P* \< 0.05 indicates statistical significance.

[^7]: Data are n (%).

[^8]: *P* \< 0.05 indicates statistical significance.

[^9]: CI, confidence interval; HR, hazard ratio; RR, risk ratio.

[^10]: *P* \< 0.05 indicates statistical significance.
